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Summar y

The i nt r acel l ul ar di st r i but i on of t he enzyme 5- l i poxygenase ( 5- LO) and 5- l i poxygenase- act i vat i ng
pr ot ei n ( FLAP) i n r est i ng and i onophor e- act i vat ed human l eukocyt es has been det er mi ned usi ng
i mmuno- el ect r onmi cr oscopi c l abel i ng of ul t r at hi n f r ozen sect i ons and subcel l ul ar f r act i onat i on
t echni ques . 5- LOi s a 78- kD pr ot ei n t hat cat al yzes t he conver si on of ar achi doni c aci d t o l eukot r i enes .

FLAP i s an 18- kD membr ane bound pr ot ei n t hat i s essent i al f or l eukot r i ene synt hesi s i n cel l s.
I n r esponse t o i onophor e st i mul at i on, 5- LOt r ansl ocat es f r oma sol ubl e t o a sedi ment abl e f r act i on
of cel l homogenat es . I n act i vat ed l eukocyt es, bot h FLAP and 5- LO wer e l ocal i zed i n t he l umen

of t he nucl ear envel ope. Nei t her pr ot ei n coul d be det ect ed i n any ot her cel l compar t ment or
al ong t he pl asma membr ane. I n r est i ng cel l s, t he FLAP di st r i but i on was i dent i cal t o t hat obser ved

i n act i vat ed cel l s . I n addi t i on, subcel l ul ar f r act i onat i on t echni ques showed >83% of i mmuno-

bl ot - det ect abl e FLAP pr ot ei n and - 64% of t he FLAP l i gand bi ndi ng act i vi t y was f ound i n

t he nucl ear membr ane f r act i on . A f r act i onat i on cont r ol demonst r at ed t hat a pl asma membr ane
mar ker , det ect ed by a monocl onal ant i body PMN13F6, was not det ect abl e i n t he nucl ear membr ane
f r act i on . I n cont r ast t o FLAP, 5- LO i n r est i ng cel l s coul d not be vi sual i zed al ong t he nucl ear
envel ope . Except f or weak l abel i ng of t he euchr omat i n r egi on of t he nucl eus, 5- LO coul d not
be r eadi l y det ect ed i n any ot her cel l ul ar compar t ment . These r esul t s demonst r at e t hat t he nucl ear

envel ope i s t he i nt r acel l ul ar si t e at whi ch 5- LO and FLAP act t o met abol i ze ar achi doni c aci d,
and t hat i onophor e act i vat i on of neut r ophi l s and monocyt es r esul t s i n t he t r ansl ocat i on of 5- LO

f r om a nonsedi ment abl e l ocat i on t o t he nucl ear envel ope .

eukot r i enes ar e pr oduct s of ar achi doni c aci d met abol i sm

t hat ar e pr oduced by l eukocyt es and t hat have a var i et y

of ef f ect s on t he i mmune syst em ( 1) . The enzyme 5- l i pox-

ygenase ( 5- LO, 1 EC 1 . 13 . 11 . 12) cat al yzes t wo key st eps i n t he

l eukot r i ene bi osynt het i c pat hway ( 2, 3) . These st eps ar e t he

oxygenat i on of ar achi donat e t o 5- ( S) - hydr oper oxy- 6, 8, 11, 14-

ei cosat et r aenoi c aci d ( 5- HPETE) , f ol l owed by i t s dehydr oge-

nat i on, whi ch r esul t s i n t he f or mat i on of t he unst abl e epoxi de

LTA4 . I n neut r ophi l s t he enzyme LTA4 hydr ol ase t hen con-

ver t s LTA4 t o LTB4, whi ch i s a pot ent chemot act i c and ac-

t i vat i ng f act or f or neut r ophi l s and eosi nophi l s ( 4- 6) . I n eo-

1 Abbr evi at i ons used i n t hi s paper . FLAP, 5- l i poxygenase- act i vat i ng pr ot ei n;

GAM, goat ant i - mouse I gG; GAR, goat ant i - r abbi t I gG; 5- HPETE,

5- ( S) - hydr oper oxy- 6, 8, 11, 14- ei cosat et r aenoi c aci d; 5- LO, 5- l i poxygenase;
LSM, l ymphocyt e separ at i on medi um; PLP, par af or mal dehyde- l ysi ne-

per i odat e .

si nophi l s and mast cel l s, LTA4 can al so be conver t ed t o LTC4,

LTD4 , and LTE4 , al l of whi ch st i mul at e cont r act i on of vas-
cul ar and br onchi al smoot h muscl e ( 7, 8) , r esul t i ng i n ef f ect s
on l ocal ci r cul at i on and br onchoconst r i ct i on . These pot ent
bi ol ogi cal ef f ect s i mpl i cat e l eukot r i enes i n a number of hyper -
sensi t i vi t y and i nf l ammat or y di sor der s, i ncl udi ng ast hma and

i nf l ammat or y bowel di sease ( 9- 12) .

The enzyme 5- LOhas been pur i f i ed f r oma number of mam-
mal i an l eukocyt e sour ces ( 2, 3, 13) . I n ever y case t he pur i f i ed
enzyme was act i vat ed by cal ci um and ATP. I t was obser ved
t hat when subcel l ul ar f r act i ons of unst i mul at ed human l eu-

kocyt es wer e exami ned f or 5- LO di st r i but i on, >90%of t he
i mmunodet ect abl e enzyme was f ound i n t he 100, 000- g su-

per nat ant f r act i on . However , i n r esponse t o chal l enge wi t h
t he cal ci um i onophor e A23187, 5- LO t r ansl ocat ed f r oma su-
per nat ant f r act i on t o a sedi ment abl e f r act i on ( 2, 14) , st r ongl y

suggest i ng t hat membr ane associ at i on pl ays a key r ol e i n t he
i n vi vo r egul at i on of 5- LO act i vi t y .
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St udi es wi t h t he l eukot r i ene synt hesi s i nhi bi t or MK- 886

have l ed t o t he i dent i f i cat i on of an 18- kD membr ane- bound

pr ot ei n, 5- l i poxygenase- act i vat i ng pr ot ei n ( FLAP) , whi ch has

an essent i al r ol e i n t he r egul at i on of cel l ul ar 5- LO- act i vi t y

( 15) . Obser vat i on of t he cel l and t i ssue di st r i but i on of 5- LO

and FLAP has i ndi cat ed t hat bot h of t hese pr ot ei ns ar e pr esent

i n al l l eukot r i ene pr oduci ng cel l s anal yzed t hus f ar ( 16) . Fur -

t her evi dence demonst r at i ng t hat FLAP i s essent i al f or 5- LO

act i vi t y i n i nt act cel l s comes f r om t r ansf ect i on exper i ment s

t hat showed t hat cel l s l acki ng ei t her pr ot ei n must be cot r ans-

f ect ed wi t h cDNAs f or bot h i n or der t o pr oduce l eukot r i enes

i n r esponse t o cal ci um i onophor e st i mul at i on ( 17) .

At pr esent t her e ar e no r epor t s descr i bi ng t he ul t r ast r uc-

t ur al l ocal i zat i on of FLAP and conf l i ct i ng r epor t s descr i bi ng

t he l ocal i zat i on of 5- LO. Ul t r ast r uct ur al st udi es have r epor t ed

t hat i n l eukocyt es 5- LO was l ocal i zed i n t he cyt opl asm( 18) ,

wher eas i t was associ at ed wi t h t he nucl ear envel ope i n t he

cor pus l ut eum ( 19) and pancr eat i c aci nar cel l s ( 20) . Subcel -

l ul ar f r act i onat i on st udi es have f ound t hat i n human pol y-

mor phonucl ear l eukocyt es 5- LO was f ound i n t he speci f i c

gr anul es ( 21) . None of t hese st udi es addr essed t he ef f ect of

act i vat i on of l eukot r i ene synt hesi s on t he subcel l ul ar di st r i -

but i on of 5- LO. Thi s r epor t wi l l descr i be a ser i es of i mmuno-

el ect r onmi cr oscopi c obser vat i ons and subcel l ul ar f r act i on ex-

per i ment s desi gned t o answer t he f ol l owi ng quest i ons : ( a)

what i s t he subcel l ul ar di st r i but i on of 5- LO and FLAP i n

human l eukocyt es and ( b) what i s t he ul t r ast r uct ur al cor r e-

l at e of t he 5- LO t r ansl ocat i on event obser ved af t er i onophor e

act i vat i on?

Mat er i al s and Met hods

Mat er i al s.

	

Rabbi t pol ycl onal ant i ser um t o hi ghl y pur i f i ed 5- LO

( 22) was pr epar ed by Hazel t on Resear ch Labor at or i es ( Denver , PA)

by i nj ect i on of 200 pg of pur i f i ed 5- LO f ol l owed by t wo boost s

of 100 Wg each at 1- mo i nt er val s . The r abbi t was t hen bl ed bi weekl y

f or 6 mo. I mmunobl ot anal ysi s showed t hat al l bl eeds r ecogni zed

a 78- kDpr ot ei n pr esent i n super nat ant f r act i ons of human l euko-

cyt es. The pr epar at i on of r abbi t ant i - pept i de ant i ser um speci f i c f or

ami no aci ds 41- 52 of FLAP was as pr evi ousl y descr i bed ( 23) . I gG

f r om t hese ant i ser a was i sol at ed by chr omat ogr aphy over Pr ot ei n

A( Pi er ce, Rockf or d, I L) . Pr ei mmune I gGwas al so pr epar ed f r om

t hese r abbi t s . Mouse pol ycl onal ant i ser um speci f i c f or human 5- LO

was obt ai ned by i mmuni zi ng mi ce wi t h pur i f i ed human 5- LO ( 24) .

H52, a hybr i doma pr oduci ng a monocl onal ant i body speci f i c f or

CD18 ( 25) , was obt ai ned f r om t he Devel opment al St udi es Hy-

br i doma Bank ( Bal t i mor e, MD) and PMN13F6 asci t es f l ui d con-

t ai ni ng a monocl onal ant i body speci f i c f or a PMN pl asma mem-

br ane pr ot ei n ( 26, 27) was pur chased f r om Si gma Chemi cal Co .

( St . Loui s, MO) . Dext r an T500 was f r om Phar maci a AB ( Upp-

sal a, Sweden) , Dul becco' s PBSei t her wi t h or wi t hout cal ci umand

magnesi umand ACK l ysi s buf f er wer e f r om Gi bco Labor at or i es

( Gr and I sl and, NY) . Lymphocyt e separ at i on medi um( LSM) was

f r omOr ganon Tekni ka Cor p. ( Dur ham, NC) . Col l oi dal gol d pr obes

( 5 and 10 nm) conj ugat ed wi t h ei t her goat ant i - r abbi t I gG( GAR

5 or GAR10) or goat ant i - mouse I gG( GAM5 or GAM10) wer e

pur chased f r om Amer sham Cor p. ( Ar l i ngt on Hei ght s, I L) . Sea

Pl aque l ow- gel l i ng t emper at ur e agar ose was obt ai ned f r omFMC

Bi oPr oduct s ( Rockl and, ME) . Gl ut ar al dehyde and osmi um t et r oxi de

wer e f r om El ect r on Mi cr oscopy Sci ences ( For t Washi ngt on, PA) ,

par af or mal dehyde was f r om Fi sher Sci ent i f i c ( Fai r Lawn, NJ) and
A23187 and DMSO and ot her chemi cal s wer e of r eagent gr ade

and wer e obt ai ned f r omSi gma Chemi cal Co. Recombi nant 5- LO

was pr ovi ded by Dr . Deni s Ri endeau, Mer ck Fr osst , Poi nt e Cl ai r e-

Dor val , Canada.

I sol at i on, Fi xat i on, and Fr eezi ng of Human Per i pher al Bl ood Mono-
cyt es and PMN. Leukocyt es wer e i sol at ed f r om venous bl ood of

nor mal human vol unt eer s by dext r an sedi ment at i on f ol l owed by

cent r i f ugat i on t hr ough LSMand hypot oni c l ysi s t o r emove r esi dual

er yt hr ocyt es ( 22) . The r esul t i ng PMNwer e t hen washed i n PBS

wi t hout cal ci umand magnesi um. Monocyt es, whi ch col l ect i n t he

boundar y l ayer bet ween LSMand t he over l ayi ng PBS, wer e al so

har vest ed . Fi nal cel l pel l et s wer e r esuspended i n Dul becco' s PBS

cont ai ni ng cal ci umand magnesi umat a cel l concent r at i on of 2- 4
x 106 cel l s per ml . I n cer t ai n exper i ment s cel l s wer e act i vat ed by

i ncubat i on i n 5 ug/ ml of t he cal ci umi onophor e A23187 f or 5 mi n

at 37 ° Cbef or e subsequent pr ocessi ng.

Af t er i sol at i on, and i n some exper i ment s, act i vat i on, N5 x 106

cel l s suspended i n a t ot al vol ume of 2. 5 ml of i ce col d PBS wer e

mi xed wi t h an equal vol ume of a 2x f i xat i ve pr epar ed t o yi el d f i nal

concent r at i ons of 0. 05%gl ut ar al dehyde, 3. 5%par af or mal dehyde,

and 0. 1 Msucr ose i n PBS, pH 7. 3 . Thi s mi xt ur e was i r r adi at ed

i n a mi cr owave oven f or a per i od ( t ypi cal l y 20- 22 s) suf f i ci ent t o

r ai se t he t emper at ur e of t he suspensi on t o 45 ° C( 28) . Af t er i r r adi a-

t i on t he gl ut ar al dehyde was i mmedi at el y quenched by t he addi t i on

of 10 ml of par af or mal dehyde- l ysi ne- per i odat e ( PLP) f i xat i ve ( 29) .

The quenched cel l s wer e washed t wi ce i n addi t i onal PLP and f i xa-

t i on was cont i nued i n PLP over ni ght at 4° C. The f ol l owi ng

mor ni ng, t he f i xed cel l s wer e pel l et ed by cent r i f ugat i on at 1000

g f or 5 mi n and r esuspended i n 1 ml of PBS cont ai ni ng 0. 1 Msu-

cr ose. These cel l s wer e mi xed wi t h an equal vol ume of 2%l ow-

gel l i ng t emper at ur e agar ose and pel l et ed i n 400- ul poi nt ed mi cr o-

f uge t ubes i n a pr ewar med swi ngi ng bucket mi cr of uge r ot or such

t hat t he cel l s f or med a t i ght pel l et bef or e t he agar har dened. Typi -

cal l y 3- 6 x 10 6 cel l s wer e di vi ded i nt o 10 pel l et s at t hi s poi nt .

The agar embedded cel l s wer e cr yopr ot ect ed by i nf i l t r at i on f or 90
mi n wi t h 2 . 3 Msucr ose i n phosphat e buf f er , pH 7. 2 cont ai ni ng

50%pol yvi nyl pyr r ol i done ( 30) af t er whi ch t hey wer e mount ed on

al umi num nai l s and f r ozen by i nj ect i on i nt o l i qui d pr opane at

- 185°Ci n a f r eezi ng appar at us ( Model KF- 80; Rei cher t Sci ent i f i c

I nst r ument s, Buf f al o, NY) . Fr ozen sampl es wer e t hen st or ed under

l i qui d ni t r ogen unt i l use. I n cer t ai n exper i ment s, cel l s wer e f i xed

f or 30 mi n i n 0. 01%gl ut ar al dehyde/ 3 . 0%par af or mal dehyde i n PBS

or over ni ght i n PLP f i xat i ve . However t he mor phol ogy of t he f i nal

sect i ons obt ai ned wi t h t hese f i xat i ons was i nf er i or t o t hat obt ai ned

wi t h t he mi cr owave/ gl ut ar al dehyde/ PLP pr ocedur e. Each exper i -

ment al obser vat i on was ver i f i ed i n at l east t hr ee i ndependent bat ches

of cel l s i sol at ed f r om di f f er ent donor s .

SDS- PAGE and I mmunobl ot Anal ysi s .

	

Human l eukocyt es wer e

i sol at ed f r om buf f y coat concent r at es ( Red Cr oss, Mont r eal ,

Canada) , soni cat ed, and t hen f r act i onat ed by di f f er ent i al cent r i f u-

gat i on as pr evi ousl y descr i bed ( 22) . Pr ot ei ns f r om t he 100, 000 g

pel l et ( f or FLAP i mmunobl ot s, 1. 2, ug pr ot ei n/ l ane) , f r om30- 60%

ammoni um sul f at e pr eci pi t at ed 10, 000- g super nat ant f r act i ons ( 22)

( f or r abbi t ant i - 5- LObl ot s, 12, ug pr ot ei n/ l ane) or pur i f i ed human

5- LO ( f or mouse ant i - 5- LObl ot s, 0 . 5 ug/ l ane) wer e separ at ed by

SDS- PAGE. Separ at ed pr ot ei ns wer e el ect r ophor et i cal l y t r ansf er r ed

t o ni t r ocel l ul ose over ni ght at 100 mA usi ng a Novex i mmunobl ot

appar at us ( Novel Exper i ment al Technol ogy, San Di ego, CA) . I m-

munobl ot anal ysi s was t hen car r i ed out as pr evi ousl y descr i bed ( 16)

usi ng : ( a) Pr ot ei n Apur i f i ed I gGs at a di l ut i on equi val ent t o a 1/ 200

di l ut i on of unpur i f i ed ant i ser a f or r abbi t ant i - FLAP I gGand r abbi t

ant i - 5- LO I gGand t hei r cor r espondi ng pr ei mmune I gGs ; and ( b)
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a 1/ 250 di l ut i on of mouse ant i - 5- LO ant i ser a and i t s pr ei mmune

ser um. 1251- Pr ot ei n A ( NEN- Dupont , Mi ssi ssauga, Ont . , Canada)

was used t o det ect bound ant i bodi es . I n t he case of mouse ant i ser a,

t he t r ansf er s wer e al so i ncubat ed wi t h a 1/ 500 di l ut i on of af f i ni t y

pur i f i ed goat ant i - mouse I gG( Cappel , Scar bor ough, Ont . , Canada)

bef or e i ncubat i on wi t h 1251- Pr ot ei n A.

For i mmunobl ot anal ysi s of subcel l ul ar f r act i ons, t he pr ot ei ns

f r omeach f r act i on wer e f i r st concent r at ed by addi ng 55 Al i ce col d

100% TCA t o a 500 Al suspensi on of mat er i al . Af t er 30 mi n at

4° C t he pr eci pi t at ed pr ot ei ns wer e har vest ed by cent r i f ugat i on f or

10 mi n at 13, 000 g at 4° C. The super nat ant was di scar ded and

t he pel l et r esuspended i n SDS- PAGE sampl e buf f er , adj ust ed t o neu-

t r al i t y wi t h NaOH and boi l ed bef or e SDS- PAGE. Af t er el ect r opho-

r esi s, t he pr ot ei ns wer e t r ansf er r ed t o ni t r ocel l ul ose, whi ch was t hen

cut i nt o st r i ps and i ncubat ed wi t h a 1: 500 di l ut i on of FLAP an-

t i ser a or 1 : 300 di l ut i on of PMN13F6 asci t es f l ui d and pr ocessed

as above. The 18- kD bands, cor r espondi ng t o FLAP, of t he r esul -

t ant aut or adi ogr aphs wer e scanned usi ng a 2202 Ul t r ascan Laser

densi t omet er ( LKB I nst r ument s, I nc. , Gai t her sbur g, MD) . For each

sampl e, dupl i cat e 5 and 10 Al al i quot s of t he SDS sampl e wer e l oaded

on t o t he gel s and i n al l cases t he l anes cont ai ni ng 10 Al had ap-

pr oxi mat el y doubl e t he densi t y of t he l anes cont ai ni ng 5 pl .

I mmunogol d Label i ng of Cr yosect i ons .

	

Ul t r at hi n cr yosect i oni ng

was car r i ed out at - 105° C f ol l owi ng t he t echni ques of Tokuyasu

( 31) on a Rei cher t Ul t r acut S ul t r ami cr ot ome equi pped wi t h an

FCScr yoat t achment . Sect i ons wer e t r ansf er r ed t o hexagonal ni ckel

gr i ds ( 200- mesh) t hat had been coat ed wi t h f or mvar and gl ow

cl eaned j ust bef or e use . Al l i ncubat i ons and washi ng st eps wer e

car r i ed out by f l oat i ng t he gr i ds on dr opl et s of sol ut i on di spensed

t hr ough 0. 2 Amsyr i nge f i l t er s . Af t er t wo 10- mi n i ncubat i ons wi t h

1%BSA i n PBS cont ai ni ng 0. 02% sodi um azi de ( BSA/ PBS) t o

bl ock nonspeci f i c bi ndi ng, t he sect i ons wer e i ncubat ed over ni ght

at 4° Cwi t h pr i mar y ant i body sol ut i ons at 5 gg/ ml i n BSA/ PBS.

To demonst r at e speci f i ci t y, i n cer t ai n exper i ment s t he pr i mar y an-

t i bodi es wer e pr ei ncubat ed wi t h ei t her r ecombi nant 5- LO or t he

pept i de cor r espondi ng t o ami no aci ds 41- 52 of FLAP at 10 gg/ ml

f or 30 mi n f ol l owed by cent r i f ugat i on at 10, 000 g f or 10 mi n be-

f or e i ncubat i ng t he r esul t ant super nat ant f r act i on wi t h sect i ons .

The f ol l owi ng mor ni ng, t he sect i ons wer e washed ext ensi vel y wi t h

BSA/ PBS and t hen i ncubat ed wi t h 5- or 10- nmI mmunogol d pr obes

f or 60 mi n at r oom t emper at ur e . Ant i - r abbi t pr obes wer e di l ut ed

1 : 50 and ant i - mouse pr obes wer e di l ut ed 1 : 25 i n BSA/ PBS. Af t er

t he gol d i ncubat i on t he gr i ds wer e agai n washed ext ensi vel y i n

BSA/ PBS, f i xed i n 2%gl ut ar al dehyde i n PBSf or 10 mi n, post f i xed

i n 2%osmi umi n H2Of or 20 mi n, st ai ned wi t h 2%ur anyl ace-

t at e i n H2O f or 30 mi n, and f i nal l y absor pt i on st ai ned wi t h

0. 002%l ead ci t r at e i n 2%pol yvi nyl al cohol as descr i bed by Tokuyasu

( 30) . Gr i ds wer e exami ned and mi cr ogr aphs t aken i n an el ect r on

mi cr oscope ( 1000X; JEOL USA, El ect r on Opt i cs Di vi si on, Pea-

body, MA) at 80 kV at an i ni t i al magni f i cat i on of 19, 000 .

I sol at i on of Nucl ei and FLAP I nhi bi t or Bi ndi ng.

	

A suspensi on of

l eukocyt es cont ai ni ng 2 x 10' cel l s was cent r i f uged at 500g f or

10 mi n t o f or m a l oose pel l et whi ch was r esuspended i n 1 ml of

NP40 l ysi s buf f er ( 0 . 1% NP40, 10 mMTr i s- HCI , pH 7. 4, 10 mM

NaCI , 3 MMMgC12 , 1 mMEDTA, and 1 mMPMSF) . Thi s sus-

pensi on was vor t exed f or 15 s and t hen cent r i f uged at 300 g f or

10 mi n at r oom t emper at ur e . The r esul t ant super nat ant f r act i on

( t he nonnucl ear f r act i on) was di vi ded i nt o t wo 500- I AI al i quot s,

one of whi ch was st or ed at - 70° Cf or FLAP bi ndi ng anal ysi s whi l e

t he ot her was pr eci pi t at ed wi t h TCAand pr ocessed f or SDS- PAGE

and i mmunobl ot anal ysi s . The NP- 40 1ysi s pel l et f r act i on ( nucl ei )

was r esuspended i n 90 P, 1 of DNase 1 buf f er ( 20 mMHepes, pH

7. 5, 5 MM MgC12, 1 mM CaCl 2 , 1 mM EDTA, and 1 mM
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PMSF) and 10 Al DNase 1 ( 1 mg/ ml ) was added and i ncubat ed

f or 30 mi n at 37° C. The DNase t r eat ed nucl ei f r act i on was di vi ded

i nt o t wo equal 50- P. 1 sampl es. These sampl es wer e di l ut ed t o 1 ml

by t he addi t i on of 950 141 Hepes l ysi s buf f er and soni cat ed as above .

A 10- Al al i quot of t he t hi s mat er i al was obser ved by l i ght mi cr os-

copy t o ver i f y t hat >95% of t he nucl ei wer e l ysed . One sampl e

was t hen pr eci pi t at ed wi t h TCA and pr ocessed f or SDS- PAGE and

i mmunobl ot anal ysi s . The second sampl e was cent r i f uged at 100, 000

g f or 60 mi n at 4° C i n a TL100 Ul t r acent r i f uge ( Beckman I n-

st r ument s, I nc. , Ful l er t on, CA) . The super nat ant cont ai ni ng

nucl eopr ot ei ns was pr eci pi t at ed wi t h TCAand pr ocessed f or SDS-
PAGE. The pel l et was r esuspended i n 1 ml Hepes l ysi s buf f er , soni -

cat ed, pr eci pi t at ed wi t h TCA, and pr ocessed f or SDS- PAGE.

The FLAP i nhi bi t or bi ndi ng assay was modi f i ed f r om t he met hod

of Char l eson ( 32) . Thi s assay i s based on t he obser vat i on t hat MK-

886, an i ndol e l eukot r i ene bi osynt hesi s i nhi bi t or , bi nds wi t h hi gh

af f i ni t y and speci f i ci t y t o FLAP ( 15) . Al i quot s f r oml eukocyt e pr epa-

r at i ons wer e r esuspended i n assay buf f er ( 100 mMTr i s- HCI , pH

7. 5, 140 mMNaCl , 2 mMEDTA, 0. 5 mMdi t hi ot hr ei t ol , 5%

gl ycer ol , 0. 05% Tween 20) . Dupl i cat e assays at t wo pr ot ei n con-

cent r at i ons f or each sampl e wer e per f or med i n Beckman 96- deep-

wel l pol ypr opyl ene mi cr ot i t er pl at es . Bi ndi ng was i ni t i at ed by t he

addi t i on of l eukocyt e sampl es ( 1- 15 Rg pr ot ei n) t o wel l s cont ai ni ng

100 A1 125 1- 1, 691- 831 ( a r adi ol abel ed anal og of MK886) , 300- 700

pMf i nal concent r at i on, di l ut ed i n assay ( buf f er / met hanol , 97: 3;

vol / vol ) and ei t her 2 Al Me2SO or MK886 i n Me2SO ( 10
- s M

f i nal concent r at i on) , pl us t he r equi r ed vol ume of assay buf f er t o

br i ng t he f i nal vol ume t o 200 P, 1 . The pl at e was i ncubat ed wi t h

shaki ng f or 20 mi n at r oomt emper at ur e . The sampl es wer e t hen

f i l t er ed and washed usi ng a Har vest er 96 ( Tomt ec, Or ange, CT)

ont o a LKB pr i nt ed f i l t er mat B, pr ewet t ed wi t h wash buf f er ( 100

mMTr i s- HCI , pH 7. 5, 0. 05% Tween 20) . Bound 1, I was det er -

mi ned i n a LKB 1272 Cl i ni gamma Quat r o count er . Speci f i c bi ndi ng

was def i ned as t he di f f er ence bet ween bi ndi ng i n t he absence and

t he pr esence of 10
- s MMK- 886 .

To quant i t at e t ot al FLAP pr ot ei n and i nhi bi t or bi ndi ng pr esent

i n whol e cel l s, a second suspensi on of l eukocyt es cont ai ni ng 2 x

10' cel l s was cent r i f uged at 500 g f or 10 mi n. The pel l et ed cel l s

wer e t hen r esuspended i n 1 ml of Hepes l ysi s buf f er ( 5 mMHepes,

pH 7. 4, 1 mMEDTA, and 1 mMPMSF) . Thi s suspensi on was

soni cat ed on i ce by t hr ee 20 s bur st s usi ng a Col e- Pal mer 4710 ul t r a-
soni c homogeni zer set at 70%out put ( Chi cago, I L) . Cel l l ysi s was

checked vi sual l y and i f l ysi s was not >95%t he sampl e was r esoni -

cat ed . The compl et e soni cat ed suspensi on was di vi ded i nt o t wo

500- Al al i quot s, st or ed, and pr ocessed f or SDS- PAGE and FLAP
i nhi bi t or bi ndi ng as descr i bed above.

Resul t s

Char act er i zat i on of Ant i body Pr obes .

	

The speci f i ci t y of t he

ant i - FLAP and ant i - 5- LO pr obes used i n t he i mmunol ocal i -

zat i on exper i ment s was ver i f i ed by i mmunobl ot anal ysi s . Cr ude

pr ot ei n f r act i ons f r omhuman l eukocyt es wer e separ at ed by

SDS- PAGE, t r ansf er r ed t o ni t r ocel l ul ose and anal yzed . Fi g .

1 demonst r at es t hat ant i - FLAPr abbi t I gGr ecogni zes a si ngl e

18- kD pr ot ei n t hat has been pr evi ousl y i dent i f i ed as FLAP

( 15) . Fi g. 1 al so shows t hat r abbi t ant i - 5- LOI gGand mouse

pol ycl onal 5- LO ant i ser umbi nd most pr edomi nant l y t o a

si ngl e pr ot ei n of 78 kDt hat has been i dent i f i ed as 5- LO ( 22) .

The r abbi t ant i ser umal so i mmunopr eci pi t at ed a 15 S- l abel ed

78- kD pr ot ei n f r omDMSOdi f f er ent i at ed HL- 60 cel l s pr el a-



Fi gur e 1 .

	

I mmunobl ot char act er i zat i on of 5- LO and FLAP ant i bodi es .

Human PMNpr ot ei ns on ni t r ocel l ul ose st r i ps wer e i ncubat ed wi t h : l ane

1, pr ei mmune I gG( f r om t he ant i - FLAP r abbi t ) ; l ane 2, ant i - FLAP I gG;

l ane 3, pr ei mmune I gG ( f r om t he ant i - 5- LO r abbi t ) ; l ane 4, ant i - 5- LO

I gG; l ane 5, cont r ol mouse ser um; and l ane 6, mouse ant i - 5- LO ser um,
as descr i bed i n Mat er i al s and Met hods . Not e t hat ant i - 5- LO I gG r eact s

wi t h a si ngl e band of 78 kD, t hat ant i - FLAP I gGdet ect s a si ngl e pr ot ei n

of 18 kD, and t hat t he pr ei mmune I gGs onl y r eact weekl y wi t h nonspeci f i c

bands . Al so not e t hat mouse ant i - 5- LO ser umdet ect s a band at t he mi gr a-

t i on posi t i on of aut hent i c 5- LO, wher eas cont r ol mouse ser um does not

l abel t hi s band . Mol ecul ar mass mar ker s ar e shown t o t he l ef t and t he

mi gr at i on posi t i ons of 5- LO ( 78 kD) and FLAP ( 18 kD) ar e i ndi cat ed .

Tot al FLAP

i nhi bi t or bound

( pr nol / 10' cel l s)

	

1 . 25

	

0. 2

bel ed wi t h [ 35 S] met hi oni ne ( 24) . The pr eci pi t at i on of t hi s

l abel ed pr ot ei n coul d be compl et el y el i mi nat ed by pr ei n-

cubat i ng t he ant i - 5- LO wi t h excess unl abel ed pur i f i ed 5- LO

( Et hi er , D. , and J . Evans, unpubl i shed dat a) .

FLAP I s i n t he Nucl ear Envel ope of Rest i ng Cel l s.

	

To

vi sual i ze t he i nt r acel l ul ar di st r i but i on of FLAPand 5- LO i n

r est i ng cel l s, f r eshl y i sol at ed per i pher al bl ood l eukocyt es wer e

f i xed and f r ozen at - 185° C. Ul t r at hi n cr yosect i ons of t he

f r ozen cel l s wer e i ncubat ed wi t h ei t her ant i - FLAPor ant i - 5-

LO I gG f ol l owed by col l oi dal gol d conj ugat ed secondar y

pr obes . El ect r onmi cr oscopi c obser vat i on of t he sect i ons i n-

cubat ed wi t h ant i - FLAP ant i bodi es r eveal ed t hat FLAP was

st r i ki ngl y concent r at ed i n t he l umen of t he nucl ear envel ope

of bot h neut r ophi l s ( Fi g. 2 A) and monocyt es ( Fi g. 2 B) .

I n r ar e i nst ances ant i - FLAP i s al so obser ved t o l abel t he en-

dopl asmi c r et i cul umof some monocyt es ( Fi g. 2 B) . Thi s en-

dopl asmi c r et i cul um l abel i ng i s most l i kel y a r ef l ect i on of

ant i - FLAP bi ndi ng t o newl y synt hesi zed, possi bl y i nact i ve,

FLAP pr ot ei n, whi ch woul d be expect ed t o be t r ansl at ed on

r ough endopl asmi c r et i cul um. Si nce cel l s di spl ayi ng t hi s

l abel i ng pat t er n ar e onl y r ar el y obser ved, i t i s l i kel y t hat t hey

r epr esent a subpopul at i on of cel l s t hat had been par t i al l y ac-

t i vat ed i n t he donor bef or e i sol at i on .

I mmunogol d l abel i ng was not obser ved al ong t he pl asma

membr ane or associ at ed wi t h any ot her membr ane st r uct ur es .

Tabl e 1 .

	

I mmunobl ot Anal ysi s' and Quant i t at i on of FLAP I nhi bi t or Bi ndi ng# on I sol at ed Leukocyt e Fr act i ons

' I mmunobl ot anal ysi s of FLAP and PMN13F6 ant i gen f r om whol e cel l l ysat es and subcel l ul ar f r act i ons of r est i ng human l eukocyt es was car r i ed
out as descr i bed i n Mat er i al s and Met hods . For each det er mi nat i on, i dent i cal al i quot s cont ai ni ng 5 x 105 cel l s wer e ei t her l ysed and l oaded di r ect l y

on t o SDS- PAGE gel s or f r act i onat ed as descr i bed i n Mat er i al s and Met hods bef or e i mmunobl ot anal ysi s . The aver age densi t y of dupl i cat e bands
f or each f r act i on was det er mi ned and nor mal i zed t o t he densi t y of t he whol e cel l l ysat e whi ch was def i ned as yi el di ng 100%. Per cent ages wer e cal cul at -
ed f or t hr ee separ at e exper i ment s and ar e shown ± SD.
I FLAP i nhi bi t or bi ndi ng t o human l eukocyt e l ysat e and subcel l ul ar f r act i ons wer e per f or med as descr i bed i n Mat er i al s and Met hods . Thr ee separ at e
exper i ment s wer e per f or med i n dupl i cat e and t he val ues wer e aver aged ± SD.
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5- Li poxygenase and 5- Li poxygenase- act i vat i ng Pr ot ei n i n Nucl ear Envel ope

Whol e cel l

l ysat es

Nonnucl ear

( 300- g super nat ant )

Nucl ear

( 300- g pel l et )

Nucl eopl asmi c

( 100, 000- g

super nat ant )

Nucl ear

membr ane

( 100, 000- g

pel l et )

I mmunobl ot

anal ysi s of FLAP 100% 2 ± 3% 141±57% 0±0% 83±39%

I mmunobl ot

anal ysi s of

PMN13F6 100% 109 ± 56% 3±5% 0±0% 0±0%

FLAP i nhi bi t or bound

( pmol / mg pr ot ei n) 1 . 0 ± 0. 4 0 . 2 ± 0. 1 3. 3 ± 1 . 0 0. 1 ± 0. 1 4. 1 ± 0. 9



I n our sect i ons neut r ophi l s wer e i dent i f i ed by t hei r ver y

pol ymor phi c nucl ei and t he pr esence of l ar ge number s of char -

act er i st i c gr anul es, wher eas monocyt es had r ounder nucl ei ,

cont ai ned f ewer gr anul es, and had much mor e ext ensi ve en-

dopl asmi c r et i cul um. Sect i ons i ncubat ed wi t h ant i - 5- LO I gG

wer e devoi d of any det ect abl e gol d l abel al ong ei t her t he nu-

cl ear envel ope, t he endopl asmi c r et i cul um, or t he pl asma mem-

br ane . I n addi t i on, sect i ons of r est i ng l eukocyt es i ncubat ed

wi t h ei t her ant i - FLAP or ant i - 5- LO I gG di d not di spl ay any

l abel associ at ed wi t h t he Gol gi compl ex, mi t ochondr i a, mem-

br ane bound gr anul es, or wi t hi n t he cyt opl asmi c gr ound sub-

st ance ( Fi g. 2 C) . However , t her e wer e occasi onal l y a f ew

gol d par t i cl es obser ved over t he euchr omat i n r egi on wi t hi n

t he nucl eus of sect i ons i ncubat ed wi t h ant i - 5- LO I gG ( Fi g.

2 C) . Rest i ng ( no t r eat ment bef or e f i xat i on) and sham- t r eat ed

( DMSO vehi cl e onl y) l eukocyt es gave i dent i cal l abel i ng

pat t er ns.

To conf i r m t he i mmuno- EM obser vat i on ( Fi g . 2, A and

B) t hat FLAP was pr esent i n t he nucl ear envel ope, we pr e-

par ed nucl ear and cyt opl asmi c f r act i ons f r omi sol at ed r est i ng

human l eukocyt es . The pr opor t i on of FLAP det er mi ned by

i mmunobl ot anal ysi s and t he di st r i but i on of FLAP l i gand

bi ndi ng act i vi t y bet ween f r act i ons was t hen det er mi ned . The

i mmunobl ot r esul t s, summar i zed i n Tabl e 1, show t hat FLAP

pr ot ei n r esi des pr edomi nant l y i n t he nucl ear f r act i on, whi ch

was i sol at ed as a 300- g pel l et of NP- 40 l ysed cel l s. When

t he amount of FLAP det ect ed i n whol e cel l l ysat es i s def i ned

as 100%, t he nucl ear f r act i on cont ai ns 141%of t hi s amount ,

wher eas t he 300- g super nat ant f r act i on onl y cont ai ns 2%.

I f t he nucl ear f r act i on was f ur t her di vi ded i nt o nucl ear mem-

br ane and nucl eopl asm f r act i ons by soni cat i on of t he 300- g

nucl ear pel l et f ol l owed by a 100, 000- g cent r i f ugat i on st ep,

83%of t he amount pr esent i n t he whol e cel l l ysat e was r e-

cover ed i n t he 100, 000- g pel l et wher eas 0%r emai ned i n t he

super nat ant f r act i on . As a f r act i onat i on cont r ol , a si mi l ar anal -

ysi s was car r i ed out ut i l i zi ng PMN13F6, an ant i body t hat

r ecogni zes a neut r ophi l pl asma membr ane pr ot ei n ( 26, 27) .

Thi s cont r ol ( Tabl e 1) showed t hat <3% of t he PMN13F6

ant i gen was f ound i n t he nucl ear f r act i on, i ndi cat i ng t hat

t he separ at i on of nucl ei and pl asma membr ane was cl ean. The

appar ent i ncr ease i n t he absol ut e amount of FLAPi n t he nu-

cl ear f r act i on r el at i ve t o t he whol e cel l f r act i on may be an

ar t i f act of t he quant i t at i on pr ocedur es si nce t he whol e cel l

pel l et s wer e mor e di f f i cul t t o di sper se i n sampl e buf f er , or

may be t he r esul t of i ncr eased ant i geni ci t y of FLAP i n t he

Fi gur e 2 .

	

I mmunogol d l abel i ng of ul t r at hi n f r ozen sect i ons of r est i ng

l eukocyt es i ncubat ed wi t h ant i - FLAP I gG ( A, B) or ant i - 5- LO I gG ( C) .

Not e t hat FLAP i mmunogol d l abel ( ar r owheads) i s concent r at ed wi t hi n

t he l umen of t he nucl ear envel ope i n neut r ophi l s ( A) and al ong t he nu-

cl ear envel ope and endopl asmi c r et i cul umof monocyt es ( B) . I n B i t i s par -

t i cul ar l y cl ear t hat t he nucl ear envel ope i s cont i guous wi t h t he endopl asmi c

r et i cul um ( ar r ow) . Ul t r at hi n f r ozen sect i ons of r est i ng l eukocyt es i ncubat ed

wi t h ant i - 5- LO di spl ay onl y a smal l number of gol d par t i cl es over t he

euchr omat i n r egi on of t he nucl eus ( ar r owheads, C) . The l engt hs of nucl ear

envel ope del i neat ed by br acket s ar e r epr esent at i ve of wel l - pr eser ved r egi ons

i n whi ch bot h t he i nner and out er l eaf l et of t he nucl ear envel ope can be

cl ear l y obser ved . These and si mi l ar l engt hs f r om addi t i onal mi cr ogr aphs

wer e anal yzed t o pr ovi de t he dat a pr esent ed i n Tabl es 1- 3 . Nuc, nucl eus,

gr , gr anul e, bar , 100 r un .



nucl ear f r act i on. I t i s al so possi bl e t hat t he pr ot ei ns i n t he

whol e cel l f r act i on may have been mor e suscept i bl e t o pr o-

t eol ysi s t han t he NP- 40 l ysed f r act i ons .

The r esul t s of FLAP i nhi bi t or bi ndi ng exper i ment s ( Tabl e

1) al so demonst r at e t hat - 64% ( 0 . 8/ 1 . 25) of t he FLAP i n-

hi bi t or bi ndi ng act i vi t y f r act i onat es wi t h t he nucl ei and t he

vast maj or i t y of t hi s nucl ear mat er i al was associ at ed wi t h t he

nucl ear membr ane ( 4 . 1 vs . 0 . 1 pmol / mg pr ot ei n) . Thus, r esul t s

of bot h i mmunobl ot quant i t at i on of FLAP pr ot ei n and di -

r ect bi ndi ng of i odi nat ed FLAP i nhi bi t or conf i r m t he i mmuno-

EM obser vat i on t hat FLAP i s concent r at ed i n t he nucl ear

envel ope of r est i ng l eukocyt es .

FLAP and 5- LO Ar e i n t he Nucl ear Envel ope o, f Act i vat ed

Cel l s. To det er mi ne t he ef f ect of act i vat i on on t he i nt r acel -

l ul ar di st r i but i on of FLAPand 5- LO, f r eshl y i sol at ed l euko-

cyt es wer e i ncubat ed wi t h t he cal ci umi onophor e A23187 be-

f or e f i xat i on, f r eezi ng, cr yosect i oni ng, and i mmunol abel i ng .

As i n r est i ng cel l s, sect i ons i ncubat ed wi t h ant i - FLAP ant i -

bodi es di spl ayed i mmunogol d l abel i ng wi t hi n t he l umen of

t he nucl ear envel ope ( Fi g. 3, A and B) . Mor eover , i n mar ked

cont r ast t o r est i ng cel l s, i onophor e- act i vat ed cel l s i ncubat ed

wi t h ant i - 5- LO I gG di spl ayed i mmunol abel i ng wi t hi n t he

l umen of t he nucl ear envel ope ( Fi g . 3, C and D) . Thi s pat -

t er n was ver y si mi l ar t o t hat obt ai ned wi t h ant i - FLAP ant i -

bodi es . Bot h ant i bodi es al so occasi onal l y l abel ed t he en-

dopl asmi c r et i cul um. However , t he densi t y of gol d par t i cl es

obser ved her e was much l ess concent r at ed t han t hat f ound
i n t he l umen of t he nucl ear envel ope ( dat a not shown) . Nei -

t her ant i body yi el ded any si gni f i cant l abel i ng of t he pl asma

membr ane, nucl eus ( excl usi ve of t he nucl ear envel ope) , Gol gi
compl ex, mi t ochondr i a, membr ane bound gr anul es, or cy-

t opl asmi c gr ound subst ance . Si mi l ar pat t er ns of 5- LO and
FLAP di st r i but i on wer e obser ved i n bot h neut r ophi l s and

monocyt es. I n addi t i on, wi t h ei t her pr obe t her e was ver y l i t t l e
backgr ound l abel i ng obser ved out si de of t he cel l s .

I n an ef f or t t o quant i t at e t he pr ecedi ng obser vat i ons, t he

number of gol d par t i cl es obser ved al ong measur ed l engt hs
of t he nucl ear envel ope wer e count ed ( Tabl e 2) . These r esul t s
show t hat i n cel l s l abel ed wi t h ant i - FLAP I gG t her e wer e

12 and 17 par t i cl es/ Am, i n r est i ng and act i vat ed cel l s, r espec-
t i vel y . I n cel l s l abel ed wi t h ant i - 5- LO t her e wer e 1 and 11

par t i cl es/ Am, i n r est i ng and act i vat ed cel l s, r espect i vel y . Thi s
anal ysi s under scor ed t he dr amat i c i ncr ease i n 5- LO l abel i ng

t hat cal ci um i onophor e act i vat i on pr oduced i n t hese cel l s . I t
al so suggest ed t hat act i vat i on di d not have any si gni f i cant
ef f ect on t he di st r i but i on or densi t y of FLAP l abel i ng. I t shoul d

al so be not ed t hat f or t he pur poses of t hi s anal ysi s onl y r egi ons
of t he nucl ear envel ope t hat wer e ver y wel l pr eser ved, i n whi ch

bot h t he i nner and out er l i pi d bi l ayer s wer e evi dent and i n

whi ch t he l umen was not di l at ed wer e consi der ed . Exampl es
of t ypi cal ar eas i ncl uded f or t hi s anal ysi s ar e del i neat ed by

br acket s i n Fi gs. 2 and 3 .

Fi gur e 3 .

	

I mmunogol d l abel i ng of ul t r at hi n f r ozen sect i ons of i onophor e act i vat ed neut r ophi l s i ncubat ed wi t h ant i - FLAP I gG( A, B) or ant i - 5- L0
I gG ( C, D) . Bot h FLAP and 5- LO ant i bodi es l abel t he l umen of t he nucl ear envel ope ( ar r owheads) . Gol d par t i cl es ar e not obser ved associ at ed wi t h
t he pl asma membr ane ( pm) , or membr ane bound cyt opl asmi c gr anul es ( gr ) . Nei t her I gGappear s t o l abel t he nucl ear mat r i x or t he cyt opl asmi c gr ound
subst ance. Lengt hs of nucl ear envel ope del i neat ed by br acket s ar e t ypi cal of t hose anal yzed t o pr ovi de t he dat a pr esent ed i n Tabl e 2 . Nuc, nucl eus,
er , endopl asmi c r et i cul um, bar , 100 nm.
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5- Li poxygenase and 5- Li poxygenase- act i vat i ng Pr ot ei n i n Nucl ear Envel ope



Tabl e 2 .

	

Quant i t at i on of Ant i - FLAP and Ant i - 5- LO l abel i ng

of t he Nucl ear Membr ane i n Act i vat ed and Sham- t r eat ed Leukocyt es'

Sham- t r eat ed I onophor e- act i vat ed

ant i - FLAP

	

12 . 3 ± 5 . 9 ( 8)

	

16 . 8 ± 7 . 8 ( 9)

ant i - 5- LO

	

0. 9 ± 0 . 26 ( 21)

	

11 . 1 ± 3 . 5 ( 8)

Dat a pr esent ed as t he mean number of par t i cl es/ / t m ± SD ( number
of cel l s count ed) .

The di st r i but i on of i mmunogol d par t i cl es wi t hi n t he nu-

cl ear envel ope was al so quant i t at ed i n a si mi l ar manner ( Tabl e

3) . I n t hi s anal ysi s gol d par t i cl es wer e count ed as bei ng as-

soci at ed wi t h ei t her t he i nner or t he out er nucl ear membr ane

i f t hey wer e t ouchi ng or wi t hi n one par t i cl e di amet er of t hat

membr ane. Ot her par t i cl es, not wi t hi n one di amet er of ei -

t her membr ane but st i l l wi t hi n t he l umen, wer e consi der ed

t o be l umi nal . Par t i cl es t hat appear ed t o be out si de of ei t her

membr ane wer e not i ncl uded i n t hi s anal ysi s. The r esul t s show

t hat bot h FLAP and 5- LO wer e r el at i vel y mor e concent r at ed

on t he i nner nucl ear membr ane t han on ei t her t he out er mem-

br ane or wi t hi n t he l umen . The di st r i but i on of 5- LO was

heavi l y skewed t owar d t he i nner nucl ear membr ane; 50%of

t he bound gol d par t i cl es wer e obser ved associ at ed wi t h t he

i nner membr ane, <40%appear ed t o be i n t he l umen, and

x+10% wer e associ at ed wi t h t he out er membr ane. FLAP

st ai ni ng was al so mor e of t en associ at ed wi t h t he i nner mem-

br ane ; >40%of t he i mmuno- FLAP gol d par t i cl es wer e l ocal -

i zed on t he i nner membr ane, - 25% of t he l abel appear ed

t o be i n t he l umen, and <30%was associ at ed wi t h t he out er

nucl ear membr ane. I n t hi s anal ysi s, i t was i mpl i ci t l y assumed

t hat bot h 5- LO and FLAPwer e associ at ed wi t h a membr ane

af t er act i vat i on as was suggest ed by subcel l ul ar f r act i onat i on

exper i ment s ( 14, 33) . Thus, i mmunogol d par t i cl es t hat wer e

count ed as bei ng i n t he l umen wer e pr obabl y physi cal l y as-

soci at ed wi t h ei t her t he i nner or out er nucl ear membr anes,

but coul d not be unambi guousl y assi gned as bei ng associ at ed

wi t h ei t her . Ther ef or e, i t was l i kel y t hat an even hi gher pr opor -

t i on of bot h 5- LO and FLAP wer e associ at ed wi t h t he i nner

nucl ear membr ane t han was r ef l ect ed by t hese dat a .

I n a r el at ed exper i ment , car r i ed out t o det er mi ne i f FLAP

I nner

membr ane

Ant i - FLAP

	

41 . 8 ± 18 . 0%

Ant i - 5- LO

	

49 . 8 ± 11 . 3%t
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or 5- LO was expr essed at t he pl asma membr ane, f r eshl y i so-

l at ed, i onophor e act i vat ed cel l s wer e i ncubat ed wi t h FLAP

or 5- LO ant i bodi es bef or e f i xat i on . Thi s i ncubat i on was car -

r i ed out at 4° C i n or der t o el i mi nat e t he possi bi l i t y of en-

docyt osi s of sur f ace bound ant i body. Af t er f i xat i on and pr o-

cessi ng, sect i ons wer e i ncubat ed wi t h i mmunogol d pr obes .

An addi t i onal obj ect i ve of t hi s appr oach was t o det er mi ne

i f f i xat i on i nhi bi t ed i mmunol abel i ng of put at i ve cel l - sur f ace

FLAPor 5- LO epi t opes. The r esul t s of t hi s exper i ment wer e

t hat no sur f ace bound gol d l abel coul d be det ect ed on cel l s

i ncubat ed wi t h t hese ant i bodi es bef or e f i xat i on . However , i f

t he same sect i ons wer e i ncubat ed wi t h ant i - FLAP or ant i - 5-

LOant i bodi es af t er sect i oni ng, t he nucl ear envel ope was cl ear l y

l abel ed ( dat a not shown) .

5- LO and FLAP Can Be Col ocal i zed i n t he Nucl ear Enve-

l ope Doubl e l abel exper i ment s wer e per f or med t o ver i f y t hat

bot h 5- LO and FLAP wer e pr esent wi t hi n t he same cel l ul ar

compar t ment at t he same t i me. I n t hese exper i ment s cr yosec-

t i ons of A23187 act i vat ed l eukocyt es wer e f i r st i ncubat ed wi t h

a mi xt ur e of mouse ant i - 5- LO and r abbi t ant i - FLAP ant i -

bodi es, f ol l owed by a mi xt ur e of t he speci es speci f i c i m-

munopr obes GAM10 and GAR 5 . I t i s i mpor t ant t o not e

t hat t hese t wo gol d pr obes ar e suf f i ci ent l y di f f er ent i n si ze

t o be r eadi l y di st i ngui shed i n t he el ect r onmi cr oscope . The

r esul t i ng doubl y st ai ned mi cr ogr aphs ( Fi g . 4) showed t hat

bot h 5- LO and FLAP epi t opes wer e pr esent wi t hi n t he nu-

cl ear envel ope of t he same cel l s. Bot h pr obes wer e obser ved

cl ust er ed t oget her i n cl ose pr oxi mi t y ( Fi g . 4, boxed ar ea) but

wer e al so f ound r andoml y scat t er ed wi t hi n t hese compar t -

ment s. Thi s demonst r at es t hat FLAPand 5- LO can be si mul -

t aneousl y obser ved wi t hi n t he same compar t ment s at t he same

t i me and ar e of t en i n cl ose pr oxi mi t y t o one anot her . I den-

t i cal r esul t s wer e obt ai ned i f GAM5 and GAR 10 wer e used

i nst ead of GAM10 and GAR 5 . As a f ur t her cont r ol f or

t he doubl e l abel pr ot ocol , cr yosect i ons wer e i ncubat ed wi t h

onl y one of t he pr i mar y ant i bodi es f ol l owed by t he mi xt ur e

of bot h gol d pr obes . I n t hese cases onl y t he appr opr i at el y

si zed gol d pr obes bound t o t he sect i ons, demonst r at i ng t hat

t he l ocal i zat i on of t he secondar y r eagent s was speci f i c f or t he

t he pr i mar y r eagent s ( dat a not shown) .

Demonst r at i on of Speci f i ci t y of Ant i body Label i ng.

	

A number

of cont r ol exper i ment s wer e car r i ed out t o demonst r at e t hat

t he l abel i ng pat t er ns descr i bed above wer e speci f i c . I n many

Tabl e 3 .

	

Di st r i but i on of Ant i - FLAP and Ant i - 5- LO Label Acr oss Nucl ear Envel ope of Act i vat ed Leukocyt es'

Out er

Lumen

	

membr ane

24 . 4 ± 15 . 8%

	

27 . 4 ± 10 . 0%

39 . 1 ± 14 . 8%S

	

11 . 0 ± 14 . 7%t s

' Per cent age of gol d par t i cl es wi t hi n one par t i cl e di amet er of t he l umi nal f ace of t he i nner or out er nucl ear membr ane . Al l par t i cl es not wi t hi n
one di amet er of ei t her membr ane wer e count ed as bei ng i n t he l umen . At l east ei ght di f f er ent cel l s wer e count ed f or each condi t i on .
t Si gni f i cant l y di f f er ent f r om each ot her , p < . 005 .

S Si gni f i cant l y di f f er ent f r om each ot her , p < .025 .



of our i mmunol ocal i zat i on exper i ment s a gr oup of sect i ons

wer e i ncubat ed wi t h a monocl onal I gG speci f i c f or CD18

( cl one H52) r at her t han f or FLAP or 5- LO epi t opes. The

r esul t s wi t h t hi s ant i body ( Fi g. 5) showed t hat CD18 was

l ocal i zed i n gr anul es and on t he pl asma membr ane i n neu-

t r ophi l s and monocyt es, but was absent f r om t he nucl ear enve-

l ope and t he endopl asmi c r et i cul um. Si mi l ar CD18 pat t er ns

have been pr evi ousl y r epor t ed ( 34- 36) . Si nce t hi s pat t er n was

obt ai ned usi ng t he same i mmunogol d r eagent as was used

i n t he doubl e l abel exper i ment ( GAM 5) , i t i ndi cat es t hat

t he l abel i ng of t he nucl ear envel ope and endopl asmi c r et i c-

ul umwi t h ant i - FLAP and ant i - 5- LOcoul d not be t he r esul t

of nonspeci f i c i nt er act i ons of ei t her t he pr i mar y I gG or t he

gol d pr obe wi t h an uni dent i f i ed component wi t hi n t hese com-

par t ment s .

Cr yosect i ons of bot h act i vat ed and r est i ng l eukocyt es wer e

al so i ncubat ed wi t h pr ei mmune I gG and t he appr opr i at e col -

l oi dal gol d pr obes . I n ever y case, no si gni f i cant l abel i ng of

t he nucl ear membr ane, t he pl asma membr ane or any ot her

cel l ul ar st r uct ur e or compar t ment was obser ved when sec-

t i ons wer e l abel ed wi t h pr ei mmune I gG ( dat a not shown) .

Anot her cont r ol exper i ment t hat demonst r at ed t he speci -

f i ci t y of t he l abel i ng pat t er ns obser ved wi t h ant i - FLAP and

ant i - 5- LO was t o pr ei ncubat e t he pr i mar y ant i bodi es wi t h

t he appr opr i at e f r ee ant i gen bef or e i ncubat i on wi t h cr yosec-

t i ons. The per cent i nhi bi t i on was t hen cal cul at ed by di vi di ng
t he number of gol d par t i cl es/ t i m nucl ear membr ane count ed

on sect i ons i ncubat ed wi t h ant i bodi es pr ei ncubat ed wi t h f r ee
ant i gen by t hat obt ai ned f r om sect i ons i ncubat ed wi t h un-

t r eat ed ant i body . When ant i - FLAP was pr ei ncubat ed wi t h
5 ug/ ml of t he appr opr i at e FLAP pept i de, l abel i ng was r e-
duced by >90%. When ant i - 5- LO was pr ei ncubat ed wi t h

5 Ag/ ml r ecombi nant 5- LO, - 75%of t he l abel i ng was el i m-
i nat ed ( Tabl e 4) .

An addi t i onal cont r ol f or ant i body speci f i ci t y was obt ai ned
by obser vi ng cel l s pr esent as cont ami nant s i n l eukocyt e pr epa-
r at i ons t hat ar e not known t o cont ai n si gni f i cant amount s

of ei t her FLAP or 5- LO. T and B l ymphocyt es i n par t i cul ar

have been r epor t ed t o cont ai n ver y l i t t l e, i f any, of ei t her of
t hese pr ot ei ns ( 7) . Lymphocyt es ar e r eadi l y di st i ngui shed i n
our cr yosect i ons by t hei r l ar ge r ound nucl eus and spar se

cyt opl asm. Cel l s of t hi s mor phol ogy i n our pr epar at i ons wer e
compl et el y devoi d of any det ect abl e FLAP or 5- LO i m-

munol abel i ng . I n a r el at ed, separ at e exper i ment , we wer e al so
unabl e t o i mmunol abel a human cyt ot oxi c T cel l l i ne ( desi g-
nat ed Q31) wi t h ei t her 5- LOor FLAPI gGs ( dat a not shown) .

A f i nal cont r ol f or ant i body speci f i ci t y was pr ovi ded by

t he ef f ect of A23187 on t he l ocal i zat i on of 5- LO. Our i ni t i al

Fi gur e 4 .

	

Doubl e i mmunogol d l abel i ng of 5- LO( 10- nm gol d, ar r ows) and FLAP ( 5- nm gol d, ar r owheads) on i onophor e- act i vat ed monocyt e. Not e

t hat bot h l abel s ar e obser ved wi t hi n t he l umen of t he nucl ear envel ope. Al so not i ce t hat i n some r egi ons t he l abel s ar e r andoml y di st r i but ed al ong

t hi s compar t ment but ar e occasi onal l y cl ust er ed t oget her ( boxed ar ea) . Bot h l abel s ar e al so obser ved associ at ed wi t h endopl asmi c r et i cul um ci st er nae

( er ) . Nei t her l abel i s obser ved over t he cyt opl asmi c gr ound subst ance . These speci mens wer e pr epar ed by i ncubat i ng sect i ons of act i vat ed l eukocyt es

wi t h a mi xt ur e of mouse ant i - 5- LO and r abbi t ant i - FLAP, washi ng, and t hen i ncubat i ng wi t h a mi xt ur e of GAM 10 and GAR 5 . Nuc, nucl eus,

gr , gr anul e, bar , 100 r un.
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Tabl e 4.

	

I nhi bi t i on of Ant i body Label i ng by Pr ei ncubat i on wi t h Excess Fr ee Ant i gen`

Ant i body

onl y

Ant i - FLAP

	

12 . 9 ± 4 . 7 ( 6)

Ant i - 5- LO

	

13 . 3 ± 3 . 4 ( 6)

' Dat a pr esent ed as t he mean number of par t i cl es/ pm ± SD ( number of cel l s count ed) .

exper i ment s demonst r at ed t hat i n r est i ng cel l s i t was vi r t u-

al l y i mpossi bl e t o i mmunol abel t hi s enzyme, wher eas af t er

5 mi n of i onophor e act i vat i on, 5- LO coul d be r eadi l y vi sual -

i zed wi t hi n t he l umen of t he nucl ear envel ope and endopl asmi c

r et i cul um. Si nce t he same r eagent s wer e used i n ei t her case,

t he change i n l abel i ng woul d most l i kel y have been t he r esul t

of a speci f i c event t hat occur r ed as a r esul t of act i vat i on. Thi s

event was most pr obabl y t he pr evi ousl y wel l descr i bed t r ans-

l ocat i on of 5- LOf r om a 100, 000- g super nat ant f or mi n r est i ng

cel l s t o a membr ane- associ at ed f or mi n act i vat ed cel l s ( 4, 33) .

Fi gur e 5 .

	

I mmunol ocal i zat i on of CD18 on an act i vat ed neut r ophi l . The
gol d i mmunol abel i s obser ved al ong t he pl asma membr ane ( pm, anow-

heads) wher e i t i s mor e of t en obser ved on mi cr ovi l l i ( mv) but i s al so pr esent
i n ar eas bet ween mi cr ovi l l i . I mmunor eact i ve CD18 i s al so occasi onal l y ob-
ser ved wi t hi n smal l membr ane bound cyt opl asmi c gr anul es ( avows) . Label
i s not associ at ed wi t h t he nucl ear envel ope ( ne) or t he endopl asmi c r et i c-
ul um ( er ) , nor ar e t he gol d par t i cl es f ound over t he cyt opl asmi c gr ound
subst ance or wi t hi n t he nucl ear mat r i x . Backgr ound l abel out si de of t he
cel l i s ver y r ar el y obser ved . Nuc, nucl eus, bar , 100 ur n.
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Di scussi on

Ant i body pl us

	

Per cent

f r ee ant i gen

	

i nhi bi t i on

1 . 1 ± 0 . 4 ( 6)

	

91 . 4%

3 . 5 ± 0 . 5 ( 6)

	

73 . 3%

Our i mmunol ocal i zat i on dat a demonst r at ed t hat i n i ono-
phor e- act i vat ed monocyt es and PNI N' s, bot h FLAPand 5- LO

wer e l ocal i zed i n t he l umen of t he nucl ear envel ope. I n addi -

t i on, except f or ver y weak l abel i ng of t he endopl asmi c r et i c-

ul um t hat may r epr esent newl y synt hesi zed pr ot ei n i n t he

bi osynt het i c pat hway, nei t her pr ot ei n coul d be det ect ed i n
any ot her cel l compar t ment or al ong t he pl asma membr ane.

I n r est i ng cel l s, t he FLAP di st r i but i on was i dent i cal t o t hat
obser ved i n act i vat ed cel l s. I n cont r ast , sect i ons of r est i ng

or sham- t r eat ed l eukocyt es i ncubat ed wi t h ant i - 5- LO I gG
di d not di spl ay any det ect abl e gol d l abel al ong t he nucl ear

envel ope, endopl asmi c r et i cul um, or pl asma membr ane, or
wi t hi n t he Gol gi compl ex, ot her membr ane bound or ganel l es,
or over t he cyt opl asmi c gr ound subst ance. However , t her e

wer e occasi onal l y a f ew gol d par t i cl es obser ved over t he eu-
chr omat i n r egi on wi t hi n t he nucl eus . The subcel l ul ar f r ac-

t i onat i on of r est i ng l eukocyt es i nt o nucl ear and nonnucl ear
f r act i ons al so demonst r at ed t hat t he vast maj or i t y of t he t ot al

cel l ul ar FLAP pr ot ei n was associ at ed wi t h t he nucl ear mem-

br ane . Our obser vat i on t hat 5- LO t r ansl ocat es t o t he per ma-

nent si t e of FLAP r esi dence af t er act i vat i on, combi ned wi t h
t he l i t er at ur e r epor t i ng t hat FLAP i s r equi r ed f or i n vi vo f or -
mat i on of l eukot r i enes ( 15- 17) , demonst r at e t hat t he nucl ear

envel ope compr i ses t he i nt r acel l ul ar si t e wher e 5- LO and FLAP

act on ar achi doni c aci d t o f or m5- HPETE and LTA4 . These

dat a f ur t her suggest t hat t he mor phol ogi cal cor r el at e of t he
bi ochemi cal l y- def i ned t r ansl ocat i on event ( 14, 33) i s t he move-

ment of 5- LO f r om a nonsedi ment abl e l ocat i on t o t he nu-

cl ear envel ope.

Thi s concl usi on i s suppor t ed by bi ochemi cal evi dence t hat

makes i t cl ear t hat i n sever al cel l t ypes t he nucl ear envel ope

i t sel f i s t he pr i nci pl e sour ce of ar achi donat e f or ei cosanoi d

synt hesi s . Ei cosanoi ds ar e t he f ami l y of mol ecul es der i ved f r om
ar achi doni c aci d and i ncl ude t he 5- LO pr oduct s i . e . , l eu-

kot r i enes, as wel l as pr oduct s of cycl ooxygenase, i . e . , pr os-
t agl andi ns . El ect r onmi cr oscopi c aut or adi ogr aphy of a mouse

f i br osar coma cel l l i ne has shown t hat [ 3 H] ar achi doni c aci d
i s most r api dl y i ncor por at ed i nt o t he nucl ear membr ane ( 37)

and f ur t her t hat r ecent l y i ncor por at ed ar achi donat e i s most

ef f i ci ent l y ut i l i zed f or ei cosanoi d synt hesi s . Si mi l ar l y, when

[ 14C] ar achi donat e was i ncor por at ed i nt o mouse f i br obl ast s,

cel l f r act i onat i on exper i ment s demonst r at ed t hat t hi s l abel
was i ncor por at ed most r api dl y i nt o a nucl ear f r act i on and



t hat t hi s f r act i on pr ovi ded t he bul k of t he mat er i al t hat coul d

be subsequent l y i ncor por at ed i nt o ei cosanoi ds i n r esponse t o

br adyki ni n st i mul at i on ( 38) . Thus, i t woul d seeml i kel y t hat

t he enzymes r equi r ed f or t he i ni t i al st ep of ei cosanoi d syn-

t hesi s woul d be l ocal i zed al ong t he nucl ear envel ope . I ndeed,

pr ost agl andi n endoper oxi dase synt hase 1 and 2 has been l ocal -

i zed i n mouse 3T3 f i br obl ast s by i ndi r ect i mmunof l uor es-

cence t o t he nucl ear envel ope and ect opl asmi c r et i cul um ( 39) .

The obser vat i on t hat t he nucl ear envel ope i s a key si t e of

ei cosanoi d met abol i sm i s not wi del y under st ood . I ndeed, i n

many pr epar at i ve pr ocedur es, t he i mpl i ci t assumpt i on i s t hat

t he nucl ear f r act i on can be di scar ded i n t he pr ocess of pr epar i ng

cel l - f r ee homogenat es . I n par t i cul ar , i n t he f i el d of l eukot r i ene

r esear ch, t her e ar e sever al ar t i cl es ( 33, 40, 41) on t he bi o-

chemi st r y of 5- LO met abol i sm i n whi ch cel l s wer e f i r st

homogeni zed and t he 10, 000- g pel l et abl e mat er i al di scar ded

bef or e anal ysi s of subsequent subcel l ul ar f r act i ons . However ,

our r esul t s i ndi cat e t hat by di scar di ng t he l ow speed pel l et

bef or e anal ysi s of act i vat ed l eukocyt es, a si gni f i cant por t i on

of t he t ot al cel l ul ar 5- LOmust al so have been di scar ded, t hus

adver sel y af f ect i ng t he abi l i t y t o under st and t he bi ol ogy of

t he pr ocesses under st udy.

The appar ent di f f i cul t y i n vi sual i zi ng t he i nt r acel l ul ar di s-

t r i but i on of 5- LO i n r est i ng cel l s may be an i ndi cat i on of

t he l ack of an associ at i on of t hi s pr ot ei n wi t h any membr ane,

cyt oskel et al , or ot her el ement s t hat ar e r et ai ned i n t he f i nal

ul t r at hi n f r ozen sect i ons . Si nce t he sect i ons wer e cut bef or e

i ncubat i on wi t h ant i bodi es, t hi s r esul t suggest s t hat i n r est i ng

cel l s 5- LOwas nei t her f i xed i n pl ace i t sel f nor was i t associ at ed

wi t h a f i xed st r uct ur e, but r at her t he maj or i t y of t hi s pr ot ei n

was washed out of t he sect i ons dur i ng t he bl ocki ng, ant i -

body i ncubat i on, and washi ng st eps . Thi s shoul d not be sur -

pr i si ng i n t hat sequence anal ysi s of 5- LOpr ovi des no i ndi ca-

t i on of ei t her hydr ophobi c domai ns t hat may associ at e di r ect l y

wi t h a l i pi d bi l ayer , nor of l eader sequences t hat woul d medi at e

t r ansl at i on on r ough endopl asmi c r et i cul um ( 42) . I n addi -

t i on, 5- LOhas shown no evi dence of i sopr enyl at i on or phos-

phor yl at i on, whi ch coul d al so pot ent i al l y medi at e membr ane

or cyt oskel et al associ at i ons ( our unpubl i shed obser vat i ons) .

Al t er nat el y, i t may not have been possi bl e t o vi sual i ze 5- LO

i n r est i ng cel l s because t he par t i cul ar epi t opes t hat bi nd t he

ant i - 5- LO ant i body used i n t hese exper i ment s wer e masked,

or because f i xat i on cr oss- l i nked t hese epi t opes ( i n r est i ng cel l s

onl y) i n such a way t hat t he ant i bodi es coul d not bi nd . I n

any event , act i vat i on l eads t o a f undament al change i n t he

abi l i t y of ant i - 5- LO ant i bodi es t o l abel ul t r at hi n f r ozen sec-

t i ons and t hi s pr oper t y cor r el at es ver y wel l wi t h pr evi ous

r epor t s descr i bi ng t he " t r ansl ocat i on" of 5- LO f r oma cyt o-

sol i c t o a membr ane f r act i on ( 14, 33) .

Our i mmunol ocal i zat i on exper i ment s ut i l i zed a novel com-

bi nat i on of f i xat i on t echni ques t hat has not pr evi ousl y been

descr i bed . We f ound t hat t he combi nat i on of a ver y br i ef

f i xat i on i n 0 . 05% gl ut ar al dehyde/ 3 . 5% par af or mal dehyde

dur i ng whi ch t he cel l s wer e heat ed t o 45° C by mi cr owave

i r r adi at i on ( or i gi nal l y descr i bed by Dvor ak et al . [ 28] ) , f ol -

l owed by sever al washes and an over ni ght i ncubat i on at 4° C

i n PLP f i xat i ve ( 29) yi el ded a super i or combi nat i on of r e-

t ai ned ant i geni ci t y and wel l - pr eser ved ul t r ast r uct ur e . I n par -

t i cul ar t hi s scheme pr eser ved t he cont ent of many of t he PMN

gr anul es, whi ch ar e of t en l ost wi t h ot her f i xat i on t echni ques.

We compar ed t hi s pr ocedur e wi t h ot her pr ot ocol s pr evi ousl y

ut i l i zed t o pr eser ve PMN f or ul t r ast r uct ur al i mmunol ocal i -

zat i on exper i ment s . Al t er nat e pr ocedur es i ncl uded 0. 05- 1 . 0%

gl ut ar al dehyde i n phosphat e buf f er f or 30 mi n at 4° C ( 34)

and combi nat i ons of gl ut ar al dehyde and par af or mal dehyde

i ncubat ed at 4° C or 23° Cf or 30 mi n ( 36) . These pr ocedur es

wer e l ess ef f ect i ve t han t he f i nal gl ut ar al dehyde/ par af or mal de-

hyde mi cr owave/ PLP pr ot ocol used her e.

I mmunogol d l abel i ng of ul t r at hi n f r ozen sect i ons has a

si gni f i cant advant age over ot her post f i xat i on i mmunol abel i ng

t echni ques . When l abel i ng ul t r at hi n f r ozen sect i ons, accessi -

bi l i t y t o i nt r acel l ul ar compar t ment s i s obt ai ned by vi r t ue of

t he f act t hat membr ane bound compar t ment s ar e cut open .

Thus, ant i body pr obes have r eady access t o epi t opes on ei -

t her si de of any membr ane bound compar t ment . However ,

si nce t he sect i ons ar e i ncubat ed wi t h t he pr i mar y ant i bodi es

af t er f i xat i on, t her e r emai ns t he possi bi l i t y t hat f i xat i on of

cr i t i cal epi t opes may i nt er f er e wi t h ant i body r ecogni t i on. Ex-

per i ment s i n whi ch cel l s wer e i ncubat ed wi t h ant i - FLAP or

ant i - 5- LO ant i bodi es bef or e f i xat i on wer e car r i ed out t o ad-

dr ess t hi s possi bi l i t y . The r esul t s of t hese exper i ment s showed

t hat sur f ace bound gol d l abel coul d not be det ect ed on sec-

t i ons of cel l s i ncubat ed wi t h ei t her ant i body bef or e f i xat i on .

However , i f t hese same sect i ons wer e i ncubat ed wi t h addi -

t i onal ant i - FLAP or ant i - 5- LO af t er sect i oni ng t he nucl ear

envel ope was cl ear l y l abel ed . When i nt er pr et i ng t hese r esul t s

i t must be not ed t hat t he ant i - FLAP ant i body used i n t hese

exper i ment s was an ant i - pept i de ant i body t hat r ecogni zes

a di scr et e r egi on of t he FLAPami no aci d sequence. Our r esul t s

cl ear l y show t hat t hi s r egi on of FLAP i s or i ent ed t owar d t he

l umen of t he nucl ear envel ope. Thus, unl ess t he pr ot ei n r ever ses

i t s or i ent at i on t hr ough t he l i pi d bi l ayer , i t woul d be expect ed

t hat i f FLAP wer e pr esent i n t he pl asma membr ane t he ant i -

body bi ndi ng domai n shoul d be exposed t o t he ext r acel l ul ar

medi umand t hus be avai l abl e t o bi nd ext er nal l y appl i ed ant i -

body bef or e f i xat i on and subsequent sect i oni ng. Thi s con-

si der at i on i s not a f act or i n i nt er pr et i ng t he r esul t s wi t h ant i - 5-

LO si nce t hi s pr obe was a pol ycl onal ant i body t hat woul d

be expect ed t o r ecogni ze mul t i pl e epi t opes at var i ous r andom

l ocat i ons on t he pr ot ei n . These dat a t hus demonst r at e t hat

FLAPand 5- LOar e not det ect abl e on t he pl asma membr ane,

and al so suggest t hat f i xat i on does not i nt er f er e wi t h t he abi l i t y

of t he ant i - FLAP ant i bodi es used i n our exper i ment s t o bi nd

FLAP.

The obser vat i on t hat t he nucl ear envel ope i s t he i nt r acel -

l ul ar si t e at whi ch 5- LO and FLAP act i s consi st ent wi t h

t he obser ved cor r el at i on bet ween t he pot ency of 5- LO and

FLAPi nhi bi t or s and t hei r l i pophi l i ci t y ( 43) . MK- 886, a f i r st

gener at i on l eukot r i ene synt hesi s i nhi bi t or t hat bi nds t o FLAP,

i s l i pophi l i c and has been shown t o par t i al l y bl ock i ncr eased

ur i nar y LTE4 excr et i on af t er ant i gen chal l enge i n ast hmat i cs,

and t o par t i al l y i nhi bi t ant i gen- i nduced br onchoconst r i ct i on

( 44) . MK- 591, a mor e i nt r i nsi cal l y pot ent FLAP i nhi bi t or

i s al so l i pophi l i c, and has been shown t o compl et el y i nhi bi t

LTB4 pr oduct i on i n whol e bl ood assays and ur i nar y LTE4

pr oduct i on, af t er a si ngl e dose i n nor mal human vol unt eer s
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( 45) . These obser vat i ons suggest t hat l i pophi l i ci t y, as i t r e-

l at es t o t he capaci t y of pot ent i al l eukot r i ene i nhi bi t or s t o pene-

t r at e cel l membr anes and t her eby gai n access t o t he nucl ear
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